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Abstract: Fragaria chiloensis ssp. chiloensis has two native botanical forms. Fruits from both botanical forms, Fragaria chiloensis ssp. 
chiloensis f. chiloensis (native white strawberry) and f. patagonica (native red strawberry), were collected from Bio-Bio Region, and a 
comparative study in the biosynthesis and pigment accumulation was performed from achens. The fruit was classified in four different 
developmental and ripening stages in order to establish the differences in the transcriptional profile of structural genes and the chemical 
compounds. A differential expression of those genes involved in the biosynthesis (phenylpropanoid and flavonoids) of anthocianins was 
found. The differential expression of genes was concomitant with the increase in the level of cyanidin 3-glucoside (C3G) along the fruit 
development for both botanical forms. On the contrary, undetectable level of cyanidin 3-glucoside (P3G) was observed in the f. chiloensis. 
Albeit, P3G increase rapidly from the development stage 2, reaching the maximum value at stage 4 in Fragaria chiloensis ssp. chiloensis f. 
patagonica.  
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Resumen: Fragaria chiloensis ssp. chiloensis presenta dos formas botánicas nativas. Los frutos de ambas formas botánicas, Fragaria chi-
loensis ssp. chiloensis f. chiloensis (frutilla nativa blanca) y f. patagonica (frutilla nativa roja), fueron colectadas en la región del Bio-Bio, 
realizándose un estudio comparativo en la biosíntesis y acumulación de la pigmentación en aquenios. Para ello, el fruto fue clasificado en 
cuatro distintos estadios de desarrollo y maduración a fin de establecer las diferencias en los perfiles transcripcionales de genes estructurales 
y de compuestos químicos. Se determinó una expresión diferencial de los genes responsables de la formación de antocianinas, concomitante 
con un incremento en los niveles de cianidina 3-glucósido (C3G) en tanto avanza el desarrollo del fruto en ambas formas botánicas. Por el 
contrario, se observó niveles indetectables de pelargonidina 3-glucósido (P3G) en f. chiloensis, lo cual contrasta con lo observado en f. 
patagonica, donde P3G se incrementa rápidamente a partir del estadio 2, alcanzando un máximo valor en estadio 4. 
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INTRODUCTION  
The native Chilean strawberry (Fragaria chiloensis 
(L.) Mill. ssp. chiloensis Staudt) is an octoploid spe-
cies (2n = 8x = 56) of the Rosaceae family. The na-
tive strawberry is the maternal progenitor of the 
widely cultivated strawberry, Fragaria x ananassa 
Duch and it can be considered an exotic and promis-
ing specie for agricultural exploitation which could 
provide social benefits for Chile. This is mainly due 
to production, nutritional, organoleptic and cultural 
reasons that distinguish with respect to the production 
of other berries (González et al., 2009a; González et 
al., 2009b). One aspect that makes it very interesting 
is the white-pink fruit color, characteristic that could 
be used for marketing and introduce this exotic fruit. 
In addition, this native species can be used as a 
source of genetic resources for the improvement of 
the commercial strawberry (Fragaria x ananassa), 
which has a narrow genetic base (Dale & Sjulin, 
1990). 
 The native Chilean strawberry, Fragaria 
chiloensis ssp. chiloensis has two botanical forms that 
differ in color and size of fruits. While chiloensis 
form (f. chiloensis) is characterized by large fruit and 
receptacle white-pink color, the patagonica form (f. 
patagonica) has smaller fruit and dark red (Figure 1). 
The control of anthocyanin biosynthesis is given 
mostly at the transcriptional level (Broun, 2005), so 
the aim of this paper is to describe the transcriptional 
behavior of structural genes involved in the biosyn-
thesis of flavonoid compounds in achenes of both 
botanical forms of Fragaria chiloensis ssp. chiloen-
sis. A comparative study in the expression of these 
genes in the two botanical forms of the native Chile-
an strawberry was performed to better describe the 
pigmentation phenomenon. 
 
 
 
 
Figure 1 
Fruits of both botanical forms 
A, fruit of Fragaria chiloensis ssp. chiloensis f. chiloensis (quellghen).  
B, fruit of Fragaria chiloensis ssp. chiloensis f. patagonica (lahueñe). 
 
 
 
Anthocyanins are the responsible pigments for the 
color in the strawberry receptacle. In commercial 
strawberries glycosylated anthocyanins derived from 
pelargonidin and cyanidin have been identified, with 
pelargonidin 3-glucoside as the predominant antho-
cyanin (Gil et al., 1997; Kosar et al., 2004; Maatta-
Riihinen et al., 2004; Tulipani et al., 2008). However, 
in the fruit of the white native strawberry (F. chiloen-
sis ssp. chiloensis f. chiloensis), the main anthocyanin 
found corresponds to cyanidin 3-O-glycopyranoside, 
which is present only in achenes. In addition, in this 
specie accumulation of glycosylated derivatives of 
cinnamic acid into the receptacle of the fruit has been 
described, such as 1-O-cinnamoyl-β-D-
rhamnopyranoside, 1-O-cinnamoyl-α-xylofuranosyl-
(1-6)-β-D-glucopyranose, 1-O-cinnamoyl-β-D-
xylopyranoside (Cheel et al., 2005). 
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 A comparative study of the chemical compo-
sition (poly) phenolic antioxidant present in the Chi-
lean native strawberry (red and white) and commer-
cial strawberry, showed a high variation in the con-
tent of anthocyanins, ellagic acid and flavonols be-
tween these two fruits (Simirgiotis et al., 2009). Fur-
thermore, the content of polyphenolic compounds 
present in these receptacles and achenes of these 
fruits differs between species and also between or-
gans (Cheel et al., 2007).    
 The biosynthesis of anthocyanins has been 
extensively studied in various plants such as Ara-
bidopsis, petunia, maize and grape. Despite the great 
progress made in the elucidation of this pathway at 
the genetic level, just few years ago an extensive 
descriptive studies in Fragaria x ananassa recently 
have been reported (Almeida et al., 2007; Carbone et 
al., 2009). In commercial strawberry an increased in 
the expression of structural genes associated with the 
synthesis of anthocyanins for fruit development was 
reported, which is concomitant with the accumulation 
of these pigments (Kosar et al., 2004; Halbwirth et 
al., 2006; Carbone et al., 2009). These results are in 
agreement with studies from other fruits such as 
grapes (Ryan & Revilla 2003; Vian et al., 2006), 
mangosteen (Palapol et al., 2009), blueberry (Jaakola 
et al., 2002) and apple (Kondo et al., 2002). 
 Strawberry fruit is botanically classified as a 
multiple single fruit or added since it is originated 
from one apocarpic flower, which has free and inde-
pendent carpels. Each of these carpels generates an 
ovary, able to form an indehiscente nut called achene 
which carries a single seed. The eterium or false fruit 
is the other fruit structure, and corresponds to the 
floral thickened receptacle developed after the ova-
ries fertilization. This structure is commonly consid-
ered as the strawberry fruit because it is edible and 
the most attractive part in sensory terms. 
 Although both structures are constituents of 
the fruit of strawberry, both achenes and receptacles 
have different transcriptional programs during fruit 
development and ripening (Aharoni & O'Connell, 
2002). Through a cDNA microarray analysis a num-
ber of transcripts differentially expressed between 
these bodies was identified. In achenes the functional 
categories mainly represented corresponded to signal 
transduction, regulation, and carbohydrate storage. 
On the other hand, transcripts belonged to the catego-
ries of cell wall modification; pigmentation and pri-
mary metabolism were the greater abundance in re-
ceptacle. An extensive analysis of achene and recep-
tacle metabolic pathway during fruit development 
revealed changes in primary and secondary metabo-
lism characteristic for each organ. In achenes, the 
greatest variations corresponded to catechin, phe-
nylpropanoids, flavonols and ellagitannins (Fait et 
al., 2008). In receptacle procyanidins, anthocyanins 
and phenolic compounds were the secondary metabo-
lites with higher variations during the fruit develop-
ment (Fait et al., 2008). Pelargonidin and cyanidin 
correspond to the main pigments derived from antho-
cyanins reported from the total fruit (Gil et al., 1997; 
Kosar et al., 2004; Tulipani et al., 2008). However, 
these two types of anthocyanins showed a distribu-
tion associated to a particular organ. In this sense, 
pelargonidin anthocyanins derived have been mainly 
detected in receptacle and cyanidin derivatives are 
mostly in the achenes (Aaby et al., 2005). 
 In this paper, the achenes were separated 
from receptacle for both botanical forms of F. 
chiloensis ssp. chiloensis, to characterize the organ-
specific expression of the structural genes (PAL, 
C4H, 4CL, CHS, CHI, F3H, F3'H, DFR, ANS, 
UFGT, LAR and ANR) involved in the flavonoid bio-
synthetic pathway. At the same time, the patterns of 
accumulation of two major anthocyanins (cyanidin 3-
glucoside, C3G; pelargonidin 3-glucoside, P3G) were 
also determined in achenes. 
 
MATERIALS AND METHODS 
Plant Material 
Fruit of F. chiloensis ssp. chiloensis f. chiloensis 
were obtained from a commercial plantation in 
Contulmo, Bio-Bio Region, Chile (latitude 38º 
04’8.6’’ S; longitude 73º 14’ 2.96’’ W). Fruits were 
harvested in 2006 and 2007. Fruit of F. chiloensis 
ssp. chiloensis f. patagonica were obtained from col-
lections in its native habitat in Termas de Chillán, 
Bío-Bío Region, Chile (36º 54’ 58.35’’, W 71º 25’ 
18.19’’). Fruits were harvested during the 2006 and 
2007 seasons (December–January). 
 For both botanical forms, fruits were collect-
ed in four development stages and segregated in 
based of size and color of the receptacle and achenes: 
1) small fruit with green receptacle and achene; 2) 
larger fruit with green receptacle and red achenes; 3) 
transitional stage, fruit of f. chiloensis with white 
receptacle and red achenes, and f. patagonica with 
pink receptacle and red achenes; 4) ripe fruit stage, 
fruit of f. chiloensis with white-pink receptacle and 
red achenes, and f. patagonica red receptacle and red 
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achenes (Figueroa et al., 2008; Salvatierra et al., 
2010). 
 Fruits were frozen in liquid nitrogen to facili-
tate its manipulation for the manual isolation of 
achenes and receptacles. These fractions were frozen 
and stored at -80 ºC until needed. 
 
RNA extraction 
Three independent total RNA samples were isolated 
from achenes using the CTAB method with small 
modifications (Chang et al., 1993). Integrity of iso-
lated RNAs was checked on agarose gels stained with 
ethydium bromide and their concentration measured 
in a ND-1000 UV spectrophotometer (Nanodrop 
Technologies).   
 
Transcriptional analysis 
For quantitative Real-Time reverse transcription PCR 
(qRT-PCR) assays the strategy described in Salvatier-
ra et al. (2010) was used. To determine the level of 
transcripts for the phenylpropanoid genes (PAL, C4H 
y 4CL), the superior genes of the flavonoids biosyn-
thesis (CHS, CHI, F3H y FLS), the F3`H gene, and 
the inferior genes of the flavonoids biosynthesis 
pathway (DFR, ANS, UFGT, LAR y ANR) 2 μl of 
diluted cDNA and specific primers indicated in Sal-
vatierra et al. (2013) was used. 
 
Quantification of anthocyanins content 
For anthocyanin extraction, frozen samples were 
powdered with N2 in a mortar. Each biological repli-
cate consisted of frozen tissue, and three replicates 
were assessed separately. Each sample was extracted 
with MeOh/HOAc (12.5 ml; 99:1 v/v) and homoge-
nized by sonication during 10 min. Samples were 
then centrifuged at 16,000 g for 20 min and the su-
pernatants were filtered through a 0.22 lm cellulose 
acetate filter disc. The filtrate was concentrated five 
times in a Sep-Pak Vac C18 cartridge. Polyphenolic 
compounds retained by the column were eluated with 
MeOH acidified with HOAc (2.5 ml; 99:1 v/v) and 
the eluates obtained were stored at -80 °C until their 
use. 
 The analysis of anthocyanins was carried out 
using an Agilent 1100 series HPLC system provided 
by a photodiode array detector (DAD) equipped with 
a manual injector (20 lL injection volume) and inter-
faced to a PC running ChemStation chromatography 
manager software (Hewlett–Packard). Separations 
were performed on a reverse phase C18 analytical 
column (Kromasil 100, 25 cm X 4.6 mm X 5 µm), 
equipped with a C18 precolumn (Kromasil) operated 
at 35 °C with a flow rate of 700 µL/min. Quantifica-
tions of anthocyanins were carried out between the 
wavelengths of 280 and 600 nm, monitoring them at 
520 nm. Elution was performed using a gradient of 
solvents: 4% HCO2H in H2O (solvent A) and 
MeOH/H2O (95:5) (solvent B). The gradient used 
was 0–10 min, 20% B; 10–15 min, 30% B; 15–20 
min, 40% B; and 20–25 min, 100% B. Components 
were identified by comparison of their retention times 
to those of authentic standards under the same analy-
sis conditions.  
 Calibration curves were prepared for pelar-
gonidin 3-glucoside (1) and cyanidin 3-glucoside (2), 
and standards were purchased from Sigma–Aldrich 
and Extrasynthèse, respectively. MeOH, glacial 
HOAc and HCO2H were purchased from J.T. Baker, 
Merck and Scharlau, respectively. 
 
Statistical analysis 
Means from two technical replicates of three inde-
pendent quantifications were subjected to one-way 
ANOVA and LSD pairwise comparisons using Statis-
tica 4.0 software (Statsoft Inc.). In the case of Real 
time qPCR the methodology described by Pfaffl 
(2001) was used. 
 
RESULTS AND DISCUSSION 
Transcriptional profiles of genes involved in the 
biosynthesis of flavonoids in achenes 
Transcript levels of structural genes were examined 
during the process of development and maturation of 
fruits in order to investigate the regulation of the bio-
synthetic pathway of flavonoids in achenes in a com-
parative manner between the two botanical forms of 
the native Chilean strawberry. The genes of the phe-
nylpropanoid biosynthetic pathway (PAL, C4H and 
4CL) showed similar levels of transcripts between 
achenes of both red and white fruit in the early stages 
of development, but a significantly increase is ob-
served during ripening especially in the f. patagonica 
with an average 5-fold increase in stage 4 (Figure 2A 
to C).The genes involved in the biosynthesis of fla-
vonoid compounds related to the production of an-
thocyanin pigments (CHS, CHI, F3H, F3'H, DFR, 
ANS and UFGT) showed transcript accumulation 
according to development and maturation goes in the 
fruit achenes for both botanical forms (Figure 2D to 
J). With the exception of ANS (Figure 2I), neverthe-
less, all genes showed the highest levels of expres-
sion in achenes at stage 4 in the f. patagonica. 
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Figure 2 
Transcriptional analysis of genes involved in flavonoid biosynthesis during fruits development of F. chiloen-
sis ssp. chiloensis f. chiloensis (white triangle) and f. patagonica (black triangle) achenes by qRT-PCR. The 
fruits were classified into four developmental and ripening stages: DS1 corresponding to small green; DS2 to 
large green; DS3 to turnig and DS4 to full ripen of F. chiloensis ssp. chiloensis f. patagonica and f. chiloensis. 
Relative gene expression levels were normalized against GAPDH transcript values. Values represent the 
average ± SD of three biological replicates with two technical replicates of each developmental stage. 
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 In achenes of the commercial strawberry 
similar amounts of C3G and P3G in the mature 
stage were reported (Aaby et al., 2005). The 
formation of C3G and P3G is mediated by the 
action of the F3'H and F3H enzymes, respective-
ly. In this study, F3'H (Figure 2G) exhibited high 
expression levels, which far exceeded the levels 
reached by F3H (Figure 2F). Furthermore, at 
stage 4 a great increase in the expression of F3'H 
in the achenes from f. chiloensis (186 times 
higher) and f. patagonica (350 times greater) 
was detected compare to the levels found in the 
receptacles of each botanical forms (unpublished 
data). This would indicate a spatial expression of 
F3'H, which is associated specifically to achenes. 
Unlike what happens in whole fruit, genes relat-
ed to the biosynthesis of PAs (LAR and ANR) did 
not show a decreasing trend (Salvatierra et al., 
2010). Existing findings for the concentrations of 
flavan 3-ols and PAs present in both organs 
(achene and receptacle) are not conclusive. In 
commercial strawberry, Aaby et al. (2005) re-
ported higher concentrations of flavan 3-ols (cat-
echin) and PAs (procyanidin) in achenes, while 
Fait et al. (2008) found no significant differences 
between these compounds between achenes and 
mature fruit receptacle. However, the transcrip-
tional profiles, as well as the relative expression 
levels of LAR and ANR genes suggest the exist-
ence of differences in the concentrations of these 
metabolites between the constituent organs of the 
native Chilean strawberry fruit. 
 
Accumulation of anthocyanins in achenes dur-
ing fruit development  
The two major anthocyanins (C3G and P3G) 
were quantified in achenes obtained at different 
development and fruit maturation stages for both 
botanical forms (Table 1). This phytochemical 
analysis showed a clear accumulation of antho-
cyanins through the fruit development, which, 
depending on the type of anthocyanin and botan-
ical form, can start at early or late developmental 
stages. 
 
Table 1 
Changes in main anthocyanin content (µg g
-1
 fresh weight) in achenes during development and ripening of 
both botanical forms of F. chiloensis ssp. chiloensis. 
 
 C3G  P3G 
DS f.chiloensis f. patagonica  f.chiloensis f. patagonica 
1 744,07  +  141,70a 325,20  +  27,38b  nd  nd  
2 7601,73 +  809,61a 2520,78  +  120,01b  nd  459,23  +  4,29 
3 12136,19  +  2475,79a 8025,00  +  493,65b  533,42  +  17,38b 800,41  +  17,93a 
4 11774,43  +  771, 92a 7897,77  +  1273,31b  472,03  +  19,92b 1293,63  +  26,02a 
Values represent the average ± SD of three biological replicates. For each anthocyanin, different letters at 
the same developmental stage indicate significant differences between botanical forms at p < 0.05. 
DS: represent fruit developmental stage; nd: compound not detected. 
 
 In the native Chilean strawberry, the rela-
tive anthocyanin composition revealed that cya-
nidin derivatives were the major anthocyanin 
pigment detected in achenes in both botanical 
forms (Table 1). There is an increase in C3G 
levels conforming the fruit development takes 
place in both botanical forms, reaching maxi-
mum values at stage 3 and 4. P3G was undetect-
able in achenes in the f. chiloensis during the 
early stages, and reduced levels of P3G were 
observed in stages 3 and 4. In the case of f. pata-
gonica, P3G was detectable in stage 1, increasing 
rapidly from stage 2, and reaching a maximum 
value at stage 4. 
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 The phytochemical analysis of the distri-
bution of anthocyanins for the different organs of 
the fruit fot the two botanical forms showed a 
clear organ and fruit form dependent. P3G was 
mainly detected in the receptacle and its amount 
was nearly three times higher in stage 4 in the f. 
patagonica (unpublished data). In addition, a 
progressive increase in the concentration of C3G 
was detected from stage 1 in achenes of both 
botanical forms reaching maximum at stage 3 
and 4 of the f. chiloensis. In the ripe fruit of 
white strawberry, achenes showed 1.5 times 
higher levels of C3G than those detected in the f. 
patagonica. The rate C3G/P3G revealed the ex-
istence of C3G levels almost 25 times higher 
than those detected in achenes for P3G in stage 4 
of f. chiloensis, which makes clear the im-
portance of this anthocyanin pigmentation of this 
organ. F3H and F3'H are enzymes that introduce-
OH groups in the positions 3 of the carbon ring 
and 3' of the B ring for the flavanone synthesiz-
ing P3G and C3G, respectively (Grotewold, 
2006). Interestingly, F3'H transcripts showed a 
high abundance in achenes for both botanical 
forms (Figure 2G), which correlates with the 
higher C3G content detected in achenes of f. 
chiloensis and f. patagonica. 
 Our results indicate that the biosynthesis 
of flavonoid pigments is determined by the ex-
pression of structural genes, which are down 
regulated by transcription factors involved at 
different levels in the biosynthetic pathway of 
flavonoid compounds (Salvatierra et al., 2013). 
The intricate network of interactions between 
structural and regulatory genes of this pathway 
allows a precise regulation between the produc-
tion of a particular metabolite, its species, devel-
opmental stage and even the plant organ. 
 
CONCLUSION  
The level of expression for genes involved in the 
biosynthesis of anthocyanins and the quantitation 
for the amount of flavonoids in achenes removed 
from four different fruit ripening stages were 
determined in two botanical forms of Fragaria 
chiloensis ssp. chiloensis. These samples showed 
not only increasing amounts of anthocyanins 
during the fruit development and ripening as 
expected, but they also evidenced a differential 
proportion of such anthocyanins since C3G was 
found as the major pigment with a minimal pres-
ence of P3G in achenes of f. chiloensis whereas 
P3G represents the 14% of total anthocyanins 
detected in achenes of f. patagonica.   
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